N+ZFENA HREERMN 137

REABEAXZHEKRARHS B L

ERR pa Rl
FEABRIRIETIZMIER
FREZBERP D
(e JBR A =4 B 5 ELICRS 3 eh I RBA =4 A =+ H 5 §)

" R

MFREBR2BALGE @%@kﬁﬁﬂﬂ@qﬂﬁ%ﬁﬁ&ﬁﬁZﬁﬁ o R RFTRER LS
B HMEIEET [ — REESHE ) © KEHRE URE S KERLPRBE=
sy o EMBHEL > RPFEAZB LB TR ERBHRER0885A » LIRBEEZH
Wi E  MtREAXRZ KRB H » FMIRISEF Holtan et al. (1975) £ 3 B Agricultural Research
Service Fi ¥R AP E LN » EAXNFTR THEYERAE » HYAREATMAR
HIELME » PABKIBERER 2 RBEEST | AR+ FHIERE) » RILADarcy’s Law B K B0
F& B3 T AR B o 3 TR AR o

EZ2ENARA L EBRAERLERREREYOHES - HIRBERET » SR TR wR
s BB R A HE B OISR ML o TEE A RS > WH (sand) B W BTN JE B Rz 2R
TE/NE  (HURW L EEEWARMNFRRUL  HREEEKEEEC BN+ FHEE
TR EE 30 K o BRIt A BBENE L MEMRCHE  HHRFREGES CRE > AR HE
B S EERARE AR -

BT W ARRC R AN ~ 7580~ Mg ~ 138

—®H &

RAMWERZHNBE - KAKRBREBLZH > BB RARKOERKES o 7 HAT8UE
RAEFHIEA S > W RBEO Y E S B AR E S o Bl > R BEHWSELIEE
WIBEABRETD » BN EEREC— -

RMRCBE ~ SKBEAREBECCBRMSE > R LEHAKRFEH 2 HH o MERH
NEHRE, #H FEWKREMERCED - BRTELENECBR MR IR EE
S BA - BEFRBAE R EXKERLMEOR o HEMEYZERIRSOBER M o H B
RZBEREXKEFEZRIFZEF ( Hillel, 1982 ) o

S—AH > MRZEE - SKEA B REMRERRE R R AKGZEAR TSR HEF
EFREHFLZFIARREMBER (GCM) FifE 2 BURE S HTEEN » dUB R 2 ZRBRRE ) (St
B7K &) R SRR (albedo) 13 R Y R K RABIR < OB » ANHS h1 v B2 JE R (Charney, 1975;
Mintz, 1984) o SR ERIT F H 528 7 M F /K B2 B2 B 1b, 2 #1195 (Dickinson et al., 1986: Sellers
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et al., 1986; 1988; Laval, 1988; Tsuang and Dracup, 1990) » E:EFHEFZE 2 2R AR BERERL
% > HETFE R AN R (ECMWE, 1988) o AR EERBRE R » Rt —#4
MRRFHHE _AREEEAECRENSEESE R BESHER - B RBEREE  DUAS
BR—TBNZ2BILE# BRESKARFBERAFHBREANWPFE > MEEVAREEXFTTE
HHREEZETE -

EHFBEZSHEEE HBHEE7T | —  MERSEESITHEH » — - KRB » Dk
=~ KRERLFEEE=([EEHD c EREEFH L > RPAFEHA=F LB EMREE & MitRHE
KRZ KRB » FRMIEIE FH Holtan et al. (1975) £ 2 & Agricultrual Research Service B ZFEHY
BEYFRBOHELAR » EAXFRTHEYH A RMAE - EY A EARMARHLE » DIRK
MAERFERLZABEES | MAER LT E » BILL Darcy’s Law fREER 81 /@ HY 1 T KGR
B WUHERIIKRAIER o A2BEH TR KBRS EAEE 4.2 BATS 28 (Dickinson et al.,
1986) K SiB 228 (Sellers et al., 1986) F R — £ A ith 5 & Holtan A, & 2 o Holtan /3=, 5 & Es
3\ o T BATS & SiB R Fi B i A et HAABRE ST » EEPHEF L HAEI HRRE -

— 18 %

(1-R, Ry Ry HFX QFX=puL,GWeE,

Bl HMERARRBBETEE > BB EER KGESH > B I BREEK
WEIES > B THIRRKES > HFEXBWREH » QFXSARERE » ru B
KEBE » L BRKZEBBERTEE » GWREAMES] » E, RABEBES
' GRMRZBPIEE » \RBERRBRER » rBRICEE o
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o yes | Tg, GW

no

[:r calculate Tg j]

ice  Tg=nin(Tice,Tg)
bog  Tg=max(Tice,Tg)
water Tg=max(Tice,Tg)
GW prescribed

- es
<1ce, bog or water? Y

l calculate snow

(. modity1g )

v
C calculate GW J

2 MIRIKRACHRTLIL E

E1BAZHCr EE  AEPHRFELSRER - B RYER =G | MatERE L
MEKREN > DAY SE - B2 RBEMB KRR ERE o & 55 PIE0 5B (Land
Cover) » WEFBEFERIMRBE LI RBRMERA » MithRAREES (GW)E1 | IFERIFHEHIE -
ik < S ELLECMWE (1988) 2 =@ A A EHEHE

or, G Di(Ty —T,)
ot pepm o 0.523(2) + 2p)

(1)

OTq _ _ Dn(Ta=Ty)  Da(Te =Ta)

ot 0.522(z1 + 22) 2973
Hep Ty, TuRTaS5RIH LB (NE - WEE)RE - FEUREBZBE (K) ; 210 22Kk fl
SABERBCEE (n) | GHEMRZBRKEGE » HERKBSREN N ERRRKES IERE
REEH ~ FRANARE HAEAEAZ2EFE T -HE28HE ) D.BLR(KE - ¥nE)
BAEERE (m?/s) » p B L (RNE ~ WEE ) ZHEE . RIS (RE - ¥in%s) 2@ (J/ke
K)o BARE 22 =23 =621 ; M21 LFTFMP0835A » IEFHEAK (1) kBT, EEBREME F
TH B H AT AR H P it 2 B 7R IR 72 (Tsuang, 1992) o [l A £

A= Dy jw (3)

Hoh A BB RE BB HEE (n) | o BHEK S AR (27/86400s7") o 2113 (RE) £
FEYEER - WIRRATEIHE T, IREPEY Canopy w RIER K - EFHPIESUHERES
Uk (LC = 12) » BE (LC = 13) 8k (LC = 14) - MERIRIEFKZBERFRE0°C » M
BERKEBZBENBERLOC | WEUGW =1{{AGHE -

(2)
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BEHGEBRSE s RFEBEL/IROCCRHIBRE » KZABEW - LR EME FEE

swe™) = swel™ + totalp (4)

= swe (snow water equivalent) B EE LA E /KB B EA (m) | totalp BREGEK (Z2)BLKE
AL swe™ BHIEHE | swe™) BREE®R B o

BAXQ)FEEZ T, KIB0°C » mEMREER » AIFHEHMIL o itz BLUCLA GCM
ZAREE » WK IE T, (Arakawa et al, 1974) :

sn .s/\s °
sm = m'm[p CP (T, — 0°C), swe] (5)
prf
prf
Tg:Tg—mXSm (6)
swe™ ) = swel™ — sm (7)

A sm (snowmelt) BRI E B DUKBEA (m) | popm BEZEE (100~400 kg/m?) ; cps BEZ L
B (2, 090J/kg K) | \s BB HHRBMZHERE(0.04~0.07Tm) | p, HBKZEE (1, 000kg/m?) ;
Ly 5% (k) 2 BB (3.336 x 10° J/kg) ©

BB E R 2 KB A2 /] (Holtan et al., 1975; Viessman et al., 1989)

GW = GI x k x min][1, (

)] (8)

Hp GIBHEYCERERE  LARRERS | FBRPEVEAZERAFNABRE S LNE B
BREFWEFEAENP L0~ L2/ HERZEMREMENP 12 ~1L6/ » HPREA ~ FRAEMEN
21.6~2.0 » RBARIZER » HEEYEIHARCEE  RTRBZHWEN BN EFREZ
Eh > HREEBEARHEBRECHEERMAY IBREALBCSKE | L.LBEXBCRERK
& (wilting point) ; 6, £+ 3%~ FRS & 7K & (field capacity B¢ irreducible water content) » FEFH &
KEUT » 2WMZ/KBAGEHBRENERAMAL  RERZARLEMEFRAMBED 5 cBEE
i 28 » BB EBEENSR » U TREFEZ (Viessman et al., 1989)
8; — 6.
S ©)
Hrh ¢ 5 - |MFLBRE (porosity) » HEM L BMR > SELBCARETSER o
ERMRCAKE (ET) (m/s) BARBAES (GW) 3 7K B B S (potential evaporation rate)
(Ep) (m/s) » BN
ET =GW - E, (10)

E, 2 5tE LA Businger (1971) 2 ARG » FR T —Z28HH -

MERELRPCEKEORHE L IHAHKE - HHRAKABE - MIRAKUEBHEAKRBERFZS
B8 > BT IR I8 Darcy’s Law DL T H] /A R {5t 2 (Bear, 1972, Bear and Verruijt, 1987) H 75 3 & 20 &
20

9 9 .
ro = ET+ 1+ Dy loer = K1,S (11)
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Hehr BHEYIRCEE (m) ; ETBAME (m/s) | I BiRAKABE (m/s) | D, BEME 2
BR8 (m?/s) | K S&F1C /KTEEE /R 8 (saturated hydraulic conductivity) (m/s) ; S BH %k
SHERAER » HE

S = max(z:zjj‘;, 0) (12)

tRAKABBERUEMBKZEEER (Sc) (m) LEBKRKABE (Iyma) (m/s) G o LR
TAEZ

[f = min[IfmaI, ScAt] (13)
Hrp At SR BE (time step) (s) » MBHRBAABER
Ifmu,z :Dw%__s_;o‘+j(:u (14)

Ttk EE RN (Pr) HME (sm) HH > WIREENREMIKE —FRBEMR

R— 18FEMYIZBH

land cover type a k root GW
(m)

1 |crop/mixed farming 0.5 1.4 3.0 ~--
2 Ishort grass 0.1 1.1 2.0 --
3 |evergreen needleleaf tree 0.8 1.6 4.0 -
4 |deciduous needleleaf tree 0.1 1.6 4.0 -
5 |deciduous broadleaf tree 0.1 1.8 4.0 -
6 |evergreen broadleaf tree 0.8 1.8 4.0 -
7 |tall grass 0.5 1.4 3.0 -
8 |desert 1.0 1.0 0.1 -
9 |tundra 0.1 1.1 2.0 -
l0jirrigated crop 0.8 1.2 3.0 -
ll|semi-desert 1.0 1.0 0.5 -
12|ice cap/ glacier 1.0 1.0 - 1.0
13|bog or marsh 1.0 1.0 - 1.0
l14finland water 1 . - 1.0
15|ocean 1.0 1.0 - 1.0
16| evergreen shrub 0.8 1.1 2.0 --
17|decidulous shrub 0.1 (1.1 2.0 -
18|mixed woodland 0.5 1.4 3.0 -




142 RFEFHE S e
BRI > B RIGEFE MR ENER » $2 A L8R > Y LUF Uit

S,

5 = 0.5(P, + sm) — I, (15)

= TIRRMY DY

A FEE T 18 EMYI(E 2 B » EMAFE & MRBNR— » Hh &l 758 S B e
HooMEF a G BRIEILFERE

GI =a+ (1 —a)sm(yd 7/365) (16a)

A B 4 BR A S
Gl=a+(1- {L)‘COS(J(] : 7r/365)‘ (16b)

HoydBEITH L H.Z K (julian date) o
S LR 123 > WHRHE 128 B RIK - B~ kB - BEL - 5 aSZ2HIIRER T
o Bt 2 AR FH KR HIBEMEESRRTT LT A E 2 (Clapp and Hornberger, 1978) o

_ K gb-l—'l
Dtu(e) - Du;(q}) (17)

Hoh Dy, B8RRI SRR B (P /s) | hE B o MAES/KES H AT DUTF 5 2 (Hillel,
1082)
DeCo = Pald + Putol (18)

Hpe o pa Ko po BB L~ 82 IR EOK B (kg/m?) | el 0 ca Frew BB 3 > 774 0R
LABOKZ L (T /kg © C) o

Ao 2 4 B SUR B LA loan ZHFR 2 o [T A H & /K& loam(type 6) i
BIEEARE > EAKEO < 10%8F > WU TFTRAEZ

Di(6) =02x107%+35x%x 10759 (19a)
MESKEO > 1078 » BILITARS
D, (A) = 0.5675 x 107" —0.175 x 1079 (190)

Hep Dy BALFBm? /s o

g ~ 22501

REIBR LK SCE BT R 2 & B - 20lT 7 @A magiE > B — 8
A ERHNERN AR LE RS RACEREZR > S HRAIERTFRE L EEARRET
HAEVELNEE -
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(—)RRAZE

AP KRR BRI —BEEN > EXWH NEIFRTRRBERRBRE > ¥
HARNGE T AR ERERBEHERE  BEEERBEWN B o HHiEN 2 8L EHRA Harsh-
vardhan % A 2% R 89¥E 51250 (1987) o 5 (1992) i ¥ It ¥R 5 2 BUL I E R IO R XK » (T —
RN o BSATEEAEL BRI —FELHME E - e FUWEAE 771k (Detering, et al., 1985) »
A LB %GR E2EE: > U EBEHAGITHH B E( turbulent kinetic energy) K e(energy
dissipation rate) 2 EFE VL ELRIRB(K) » WL K - BRBHRETERIER > B ERQER SR
& 751 (Businger et al., 1971) o = AEEEH HF A0 B 20/ o level » Ho{H4551550.995 » 0.985 »
0.97 » 0.945 > 0.915 » 0.88 » 0.835 » 0.7725 » 0.6975 » 0.61 > 0.51 » 0.4225 > 0.3475 » 0.285 >
0.24 » 0.20 » 0.155 » 0.075 » 0.04 % 0.01 o E 900 mb L F¥75 5/ » 800 mb L TG 7/8 o 44
AWK IR ESEFBHEE > TREHBEXBTRE » REEE TEFEE T'RE SR
EURGEATZEERBRE TR o E(1992) FH ISR RETELTEET —R5

r(x)

§
[
[
-
| dL
L ! N\

| 3
L \ \
r A

i

K‘
FLUX BUDGET (J/M2/S)

T T T T TTTTY T

b b B T 3 b 1000 rﬁ—., T ™
=0 : T s //S#\}“
- § / \\
e ] & N /
m ) i ——R‘:é 5 * \:C—TA"_M{B SHORT R4l ]
] _ o [ 1 fxz 18, r 24. . ‘mo ﬁ_vﬁ—_:’ . :"—‘vlzri: 'm' - u‘
é _ SN 5
20 é E 600 |- » \w_\ 1
3 //\\ ]
g 0 3 E ° o . \¢ e =t
: B e ————
= T T — ﬁ?;; 5 e DOTTED LN LONG VAVE RAD. SRORT VivE RuD
Time Series (Hour) TIME SERIES (HR)
FRMHR S REBRE(T,) » HERE B4 FEMPZMERSERKIE - HE
(Ta) R E & (44.2 m) R (TKK) #2 REMR BRI BB )R
BE > EToH8ESYW (sand) o & EWEE » o ( - - ) BAREA
thiE .~ #gi s a, b, ¢ Z IS R » Q BAFBH > SBARBIFEERE
B~ mEFEY) R © o il a, b, c Z I FIRWE ~ &

FHAEY) KA o
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BUEERES o AP K8 TR (T,, Ty) K HEE/KE(0) < Hik 2R AR AR mE S & (back-
ward scheme) » 5> FE £ 600 %) o A (1) iz thFIFRILEE G (w/m?) » THLLTF 25T E (Brut-
saert, 1982)

G=(1-a)R,+ Ry —oT} -QFX - HFX (20)

Hibo B3R EER (albedo) » HEE B R M FAEMMRE » EPiFin B A% » (—) Ocean,
Bog, Marsh, Inland Water & —¥8 » W RBEEEES005 » () lce B 4 » HNHEER
045 (=) SnowBE=4F > HRFZEB07 » () S4 Land B— KM » HRKBEKES03 | R,
K Ry S B KBS EE R KRB HEES (w/m?) » HEH8E 5 HR8 Harshvardhan (1987) ; QFX
FHFX SRS thREHER (w/m?) Rtk i EHEE (w/m?) » HE B H X RRBA K DT
%2 ML FE H 54 (similarity theory) (Businger et al., 1971) o (HE T h RBHEBEREER IELA T
(10) Z Z&BRaE S (GW) » BT

QFX =py-Ly-ET=py L, GW-E, (21)

Hh py, Bk ZBE (kg/m®) o L, B/kZ BATERBEEFE B (J/kg) © E, (m/s) IRBAGE H R
ku*pa(qa - q*(Tg)) 1

Ep = 0.74[n(h/z0) — Uiy (R/L)] puw (22)

H, & k £ Von Karman constant (= .4) » «™ £ ML F 3# (friction velocity) (m/s) » p, BEREE
(kg/m®) » qo B A REIESE Z IR (specific humidity) (&R K ) » ¢ (T,) BAIEBRERS T, Fr 2 6
LR » R g FRTEZSE (m) > 20 FIERAHAEE (m) » L £5 Monin - Obukhov R & (m) » ¥y £3
BB ERB o HEEMET BB » FERRINE M » 7723 (7F » 1992; Pielke, 1984) o BFHEFE
R P2 EE0.74 » STERGHE - P » #ETE0.74 (Businger et al., 1971) 2 2 (Male and
Granger, 1981) Z [t » HE I ARHEE K (21) 5z (10) h 2 GW BB » A L LI ERIEGW (A

o

(Z) Mua s

MR (Ty) IWIAMEER R 302 K » 55 2/ LR R FAER 301 K » FEETE LA 5B
B EEERIAE E £ 300 K o - 3/K& BrIR0 24 E RIHRER S 55 1 3 22 B {E (porosity) o

KR 904635 1 LI MONEX 79 B B (19794E 7 A 14 H 00Z) » fAEAR89.5 L& 18 Z AR
R B BRI AR » 257 (1992) o

(Z)EEMZAR

EEWET > AfIEELE-AEATE (WELR)ETFAEBEYWONEE - B3 -a - [E3
-bRE3 - cABRYER(BEMEYESE) > SEEEYRAEHRE "FEEEY T » Lot
REREE T HRENAREM L - HAVLUFE —EIEORN » EMOURRERANELSNH
EETF  WEEEEEEYOE TFL- 28 ABRRATE T F4RLES o BOARER L%
(WA7K ) 8 BE e BB MO HRIE ST B R L s R MR % B K E 5 4 IR R AT et SR 4 58 - S ML 1
B —3 - SRR RKXEREREFET F3 - 588 Wangara B By (Clarke et al. 1971) FrEi il 2
R —2 o BEREMCBERER > MITLIEREE - WENBRIEERIE&K » A EE319
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K> MEEEHEYR  mAER306 K | REMCRAERE03 K o SAEMKERIIKE A
HILAREEZER > PWEE » tHKSE—/ N NEZRARER > AFNAKGERERFEEEN
HIA7EE 38 FHUERREARSHN I RAKREEN FEMEBERARE(EH4-2) c HE
BXREYEER (E4- D) HEYRISEIAR » LWEATAAKSOIAREERS » FHEIHK
SEIINIEZ o Kt A SR KGEBGE 8 XS 8 R R B B LA B /K5 » H Bowen ratio
HREHE01 » TLURAENEEIE/NES - NEWKVEEKXBERAEAREZR (B4 -
c) » RSWI/KERREER0.05 » h—githiE (0.3)/MBZ o FrIE AR KB 5 iEEFFFI K
» T ] BB VB B R B S A A B AN 2 > Ut > FEHIBR H S FERE & (W] BB YE 2L ) 124
FRAKK ERZ AT AR ZRINEEIK © B—E R E T 5 B o 35 S50 W IR 5 A R 3% A
BRI - (BEEHBEIAKNBEERA » IEFRZSHFPEETLUGR > FARAEHLIEFHER -
BETREBEERRERNEZE  WEB TSR » KERDT 2R T I 1600 A FIRES
SRS E (B S - ) » T REMEY (E5 - b) KW/ (ES - o) ER KSR HFES 0L
RER » EERTRWE AR A » ML FRERREEK (AESE) » MEFSEEE
BREES o BEE6FRHBRIETF > FWMERFREE —HAME o (LR KBER RN
BIEFFERER > ERBEB/NFZIFHLERER » £ T FRNERRBCEIBAME » B8R 8
HWHEIRS  c IRELFIE —BEIERE » DERBEREMER > ERABES BRER
WA EREBC KR > EREREX o

HERBEMEEREFELE (WEL EETEAESEYHNERREHQCIR)BEE  B7THWE - HE
CREEEY - REHESRMASAEEREY MR BE R E R L RBER 0K BLE o H
SHREOSHIE PSR EREREY L HE KEREREKIE - BT RESTEENE LHERBE
HIRER o B L BIEMBEEY ZER (WE) » HPARER » LHSKEWR - HHEMNCH
FREE| EERE BT R AL AR AR LN (EATAARERIIARE) | HUEELEE
(RERES2ARN) T HAGR2ALMMERERZER > HRES 12X | BB ST EHE
Y(IREREBIAR)AB 18X MBBEUE EHEEEEY (REREBILOR)RIFB24X 1M
WESEhA > MMAAEERE KD c HPEE - SREEYKESHES » & T8N KGERA
FRELL By > HU] R B HLE (Bowen HLE ) #9550.1 » Rl RATRIZ BIRH & LIB
FRERERERERRE > MELHESKEFRERABZHR KK REARAS  HLBRBEEE - 5
MERF TR RIS T IRIRERE S > MR RIFES KRB o B A]
REEGE N > SEHIRIRIRRE 2 RIEIE N o bhEF R AL RO FIR AN T HR K205 » iR 2 H
RBZENESCHEELSC » THIERZ HRIBZIRE2°CHEE 10°C o 2 LK 22 7 (1
W) » BRIREER T IR B A TR IR N LA M VE BB 2 TR At 0 BRIV (pcp ) HHERFD & /K Bz 297
%103 J/m? /KK 91 x103 J/m?/K(FZEEEEE 199 x103 J/m?/K) » BtihE e DR BREER
£30°C » ] HRGE M RIB ZIRZE 25°C o

HH—BHMEREER » LLIRAREE S (GW) > BESH A » B HES KEEEERL LE
» HE R RBEE N (1.8)> SEEEY (1.4) > HE (1.1) > ¥ (1.0) » HEARBHHEI
R TR YY) - HIB AR T — BT S A MEAVTE 600w /m? o ¥ A FIAIA 2 (10) R A&BAE ST
AR MIABEBARCHR o I/ EMBEWER X H K Bowen L (6) $150.1 » AIEYEEE 2
AIRE A H 60w/ m? o KL IRIBEEETH S FHHE » ARBER(QFX) » TLHAR (20) BHETE
{Viessman, et al., 1989)




N+ZFERA

22
a [

0.5

Haight (Km)

Helght (Km)

HRBER

Helght {Km)

B S5 ARG ARAERE o HfEa, b, c

Time (hour)

LI IR B~ mEEEY) K

=

R,-G
143

QFX =

& 6

XM (m m/s )

Helght (Km)

L
000

2 oes
-
]
x
0.0
0
[ 2.6
1.3

L
200

Helght (Km)

AR 3 o FE R AR I o H [ a,
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Bl A HITE RS (Ra) N8 > A0 LSRR RE R (G) IR A %E » R 0 RE0.1 » [NELAIBE
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(a) » fEE(b) » BEEEY(c) » KT
FEZEM (d) B¥iE (e) ©

QWET

QEET

QVET

QWET

& 8

L J
4
; ]
H
10 } |
]
4
J
4
k) 4
—— ve P vp
gy uF, YN gy Mgy ]
P BN b s a1
o 180. 360. 840, 120
18 ey . e
-~ —avera h
1.0 |- - 4
L RS J
PN ]
! \
b « J
]
s 2 ]
£l
b E
w 2
] 1
117 ===q ) =My M
ol oy RN N N e
°. 180, 380. 840, 720
18 —~vr—rvvrrrrrV—rorroTrTrry
Fo- - —eET— - o 1
Overo 4
- d
L N E
\
10 = \ 4
[ ' ]
] -
r g
[ T
8 | -
s - \
\ 4
w v
r 2
vy =V Lol ME.
0 N ST I S N | S Y Al i .
o 180. 300, 840 720.
18— T T T ~—r
[ A
3 .
3 1)
! 4
o
10 5 B
)
)
1
1 B
o
K H] .
v 1
'
- '
e
=3y v ™ T
ol aa oy TR bl RN
°. 180, 300. 540 720
18 p—y———r— T T -
10 b~ = —QUET~ =~ = QVET= = = =@VET =~ = = ~QVET = = = ~= —
s
b o~ = W= = = o= = — ey = — eV= = oy = — -y
0 e el hed UTRUT WS WP TR WO Y G S Ny el )
0. 180. 380, 840, 720.

TIME SERIES (HR)

HE7 BRTHESIORZLHCEE
B o Hh QWET SR ZAREE N
(Ground Wettness) » WP =43P
%> WFEHMEKE > WWRHEAZE
HKBEMWRI/KE

WINGW (318 SRS E /) » T REE AR IMARER o BERAK (10) PHRERZ ET = GW - B



NTZHENAR AE SRR ERLN 149

YT a
Ly
Hi A a
b )
b
A A
; I
: = i-
b BEEER LT

7 dat)

’“ﬂh.

g o f ‘." in e
] f

d - -

g WMWMM‘AMMM‘"E\__—

IREBIRBIETIe e AR |

. .’1 1
. i ﬂj :
T o srassirai AR
Tim: es (Hour) TIME SERIES (HR)
O MEE7  BRTHEBSIOXZHMRERK B10 FEE7 > BRTEBKERE (QKK) &
YH o HEREHRIFRKE » B MR EAFIAR (QS) CBE L ©

B )RBRBEEH > POR(-- )
BARE  QREBJER > SHRXE
FEEHE ©

REMEZIFE » THHRBIGEGW B X » B E, Al » TAMEW » 515 ET #EEME - fIaHEF
S L HMMREREARRE RS ER2.5g/ke » TAEEABE LS 4.0g/kg (H 10) » 68
BEEHESZ E /NP ERE (LER2540) c ERUGW(HERL18LDA » ETEET - E



150 RERE B R

T R BB BIR A 8 (300w/m?) A (600w /m?) /NG JRIE > TR GIRAZH ° FIFLEH A
A (23)THIQFX B/ SRR (10) A 158 B, fH 8 H F RS BT > BCW B/NZ AW ET
B BB/ o

FAERR M 8L > TEHRB 2GR > H+HHESKBERTHRD » EREHHEEGKERE
FZEBLL L > BB GW i » HZAB BN R ROOR » A b BT R S FE AR
BEEL . RE— > HERTE7H 28 KX H Bowen tHETMB/NZH | AR (10) 5 » BEGW
B » BRI SGKBNAZEHED > Ko, A (18) MG Z i 8/ » KA FEZ &
/> R HREEHAR (1) MBS Mg R (A8 7) » M0 - 3 B A2 R R Z W K (
& 10) » (15 £, X WA o KILEER GW EZR 2/ » (B E, [EFWIG R K » K L8
ot 4 B R AR AL o

ERASEATEH B R 7B IEREME » 7] LL Bowen LE B 2R EREE o Bowen L,
& (B) » R Penman 27 #£35 » H U] LI T = 3R (Brutsaert, 1982)

RS (24)

3+,

QIr

ﬁ:

Hoo BMERRZH B (HhE=1.26) »

r = psychrometric constant (mb/K)

=—T_p» ¢ % S o e (25)
(= Goosr P O BRRZILA » LAKRAE » pRARE)
de*(Ta) Py PN o

{E$AEY) » B o SRR B8 R S R b (LAT) R 1% & $8725 5 & ([ E.dt) B (Stannard,
1003) » HBEER ,
a=1.26-10.920 e L4/(1 et [ Bty (27)

ERERY — LD [ Eodt — coff > o AR

o =1.26—0.92¢ LA (28)

Rt E LA = 1.6(%) » T, = 305K » p = 1003mb {{ A L aft % = o 3 e &5t B RY 1% — B Iy F
s BB a=114> A =267Tmb/KE S =016 fE LA =4 (BZEEMEY )RS =0.003 ;1|
LAl =54 (REMZER) RIS = —0.007 o 3§ Bowen LLH AW FE AT 1S 2 M (0.1) B8 o — &M
S Bowen [H{HZ BB 7E —0.1 ~ 1.6 o H ot & fE S A4 £ v RGBT > PIRT RS2 Bl K SR 3 1 S T
I o LR SRR R R DR BRI o SHEBEERZ Stannard GG o 82+ RS /KE ZBIFR > A
REHMAARA > FI A A (24) #45 Bowen LB ER -3 & /K B R RBE - 1th SR 72 1E + 308
BKEBERABR I LR ZHER - -

B Bt am » RIS DL THG R o R CEMREER T 28 IR BB RN » EEFH
PR - ARBE - RENKEKEEZOREENK o MERBLZHTRZRHE (L#EKE
HIFE R AER) » HERRRBCAEEE SRS ERIHDE L » FREDREX  AIKKE
RBGREAEYRE KR ZE Z BRI R EER o M HT— i BE FEws = » E Rk
MRETX - HERMEMHEBEN » BRIERMGE LIRS KBEBEAZEE ) FEFUAFK



N+ZFHAH HREERM 151

FEREMEYCEE  BAIFESWEKEIE  BWE ~ §hinsiEYy > HEtiRER s 5K
CHARREBES - RED - BREBSREEGREE RRETEE M - MAWERETEC A
REPEL A BB RE < LB (Bowen £ ) » 8 Penman i #8ER /0 Z(EC & Stannard (1993) $HEY) . & 1E
HARER o

SHEEEARWRAERZKRTILAMONEX 79 8 8 (197947 A 14 H 00Z) » {7 AR AL 89.5
B B IBECHEEARRRNEATNMAK » B 2P R+ BFEZ KRR T (KRR
R~ B ) FERAT AR » RLFrEs RN BETREEANR > fINE4REIF » EFREX
RELHEKBERPEZER > BR{AIEMEYH AR BEEIITE 600w/m? & & 1H o I 600w/m? —
RMSEZFERT > WERBZEIERETIEREFAE - B AR RBEZRENE » UF
B ZEER R ATE R o BERIHRZERR - BIAITEE B R WM E 1 199343 F 29 H 3 M
BHEE N E AT LR IPRIEE (G) 2 BB —-100w/m? F +30w/m* » [ HARMREE
HEH 3 CHERPCER K  WRFHERS GEBEE£100w/m? » HEMREZERL C
o HYERT—H3 F 28 H » 7ERMFT B G EHEEE £200w/m? » [hIFH B 7 i 35 22 7] 3% 20°
CoHEATMERERGER  ABEFHECARBEERSHE - BEERGEIKN > H
FIEMARZIRIE - BE - BERBHER CHEE

SEPERMECARBRNREMCARBROIAR  UPEERE - HEEE—EH
Z R o Tsuang (1991) G 72 £ BN Mono Lake FIRAE 7 F RS W11 2 A BBRES 140w/m?
> T R S B 3 2 AR VB UK 170w /m? (6 mm/day) o IEMARBERLBEARZFEE = - H—F
TR HEMARKE  BRZ > EEAIHEARCERERPEERE CER (BT ER
ZHER)  ERATHAE > WiRHEPRAS > HEKREDNREZERSER » KIATRKZ KBS
BR % LBEER X REFRWIE » D80T ARAS - TEREMEEZ LR > iR X5 ES
BEUEBERABKRER > TERELLE - HaESIOR[M » BIKRETZERSME &
BEEK

BHWAE (1R ) BRANMDEROKRZHE ) HERHENR=S c HERHETXRT —HN
RERXKHRBBREIE » 515 Bowen tHE A (0344 ) » BIAIEEFTE 2 LLEIB A o Kt
EEYEEEERSEERER > ARSCHERTHT BRAEBREREE > BREALMRE
KF o BAREER ) > HEBREMZB/) » THRERMFREIRES B o ME/NERA
A RAES 150w /m? o TR B RIEER RIS 100w/m? | SR /NS AR BB 400w/m* > i
B R IR0 B 500w/ m? Y FHRIES296 K » FiREER28K » HRREES
8°C ; MH HHBER T HF LR 295 K » FHMRBERS296 K » H@REZD4°C o
Rt L XA EEYHARRMFREE - BESZEW R » KERER S BEEmsE=
FRAFREBESEYEES AR o WA HXBR BRI RS/ NEEEE R & /N & AKD
TE#E600 w/m? » MiERKABE 400 w/m? o RLFER K + Wi RB AT 5 < K BN 238
e EARWE +HMBELUGEEREY » +HEKEHEAREAEYZE2L X | MEEUEK
BEEYAIFE 8K AESEUEEMEMYAEIORIUE c SHEXBER « ENLFHETRM
KB T Z IEREYE » ARFFZFTET 8 2 Bowen [l » MBS 0.37 » # EHEHE0.2]
TR EIEAE Y £ 0.24 o BiPenman 7 iREGE S LK > EM Y E LA S 130 » 5 EHES
LAIBE22  BEXREHEYWLAIBEE 19 —% o



152 KRR BB AR
R= 1ADWELRES T EMEH 30 REFHER
. T S
vegetation type 2 6 7
short evergreen tall
grass  broadleaf grass
model 0.37 0.21 0.24
Bowen ratio
Penman 0.38 0.21 0.25
Bowen ratio (LAI=1.3) (LAI=2.2)  (LAI=1.9)
drying days 22 >30 28
a 3'-‘°-E —— a 1000. - S
3 s L f /s‘\:\
: s /\ "
" g ]
e
b b moo.: T ”
0 I L 5\5 b
E 500. "/ \ 4
g€ 2 /‘\,—\ A
- g 2k = . B _)__\/:7_.
/_::m 2 » ]
= | s — 5 N, 4
Time Series (Hour) D@ SERDS (HR)

W1l TELEZRERE (T,)  HERE B2 L BRTHAMRZEREE
(Ta) R B EE R (TKK) 5 H - 5 o FHLELAR B IR PR B > AR (
WHERSEY I HB(WE) - Hop L) BRERS  POKR(- - )R
B a2 4 #4155 loanm sand » T b B 5 AIRRE  QBATBHE > SEXER
siltloam o TRESHE ©

(M) LEZRR

HIAREEREYOEEETRHR BT RE-FPHAATRLEEROER o

HARRMLLR RS2 HEEEYE - B FEZEKMER 1 E (loam sand J silt loam) gy —
RELEE - B 1L RETMERKSE L REEN AR - AETERTRERLE - BEHER
REIIRIEZ R o loam sand FyhRBE R EH ATE 39K » BAEBTF1BE 2R o BREEEN
silt loam Rl A S FEH 305.5 KB f RMH o Z F AR GE RIS HE — 2 BUR HOKCCRRE RE BB K




NT+ZFENE HFRRER 153

HIZESR o fE[E 12 - a » loam sand fiA] F/K 3 4E —/NFZ N ER RS > DIBFERIERHY 23/ NRe N >
BT RA R EBIEFE > T silt loam BB R MEEE » AT DAERHR IR R K 32858 (B 12 -
b) o {5 #5452 S T B SR B BE B KR - R A P KA 2K > SRR EEINTTE DA IR » A KK
BT EPBER > R 12 Rk 1 E R loam sand 2 FHY KRR & 8 FE 16004 R » T+
B £ silt loam B H B R E| 800/ R4 ([ 13) o McCumber (1980) @ A 7245 BV UK R ©

a 2400 . S e b 2400

2200, 4 2200. + / B
Icoc b 4 2000. | / ]
1aco | & 4 1800. | K
j

t&0C b 4 1600. |

b ] L
1400, | n 1400, F
1200, [- = 4 1200. + 2

] - +
1000 4 1000, |
800 - 800.
(e} = F

H (M)
(M)

W13 [EE L > R T HEEPF 2B RRAERE o

HRBAIE L 30 R R Re A 5 » 1558 HIEFr 5l i A R B 3 & SOE Y 09 st R 5
KBREEY RGN AHEYEER > THERBEANSEKS TES > GEBREEH
HIEEE o 1B 14 - a, b, ¢, d & sand, silt loam, clay loam J peat JUFE + /8 H iR R EE T B EH
30KBME, > B L EREE » sand 7E58 15 KEF R I R IR BR A S B N > BN HAL =T
B EREE/D > RIES R G IR N o IR REE £ R EREE 15 1 E| 2% » sand FE58
15KKf » +3/KkE B ESE B EAZER (wilting point) » Bl - aTF/KE M5 » HE LA
BESOKRAL c BEMKRERR L (EARY]) » th Al B E sand 7E L Iy B 7] BB R IR 5 HE 219
e EER A HIE R FEIRMER T » AR B EMEFNKCGRERBRE > BIEEHS
oo S REEY A E QAW 1 (sand) > HIREE (REEMBKEBE)HELISK > EAE
BERR T E HHAIZHK 30K o

EPRRE L E AR ERM R RS KECBLER » vThE 15 Hlsand ZREBEH TR Z
FHARRE B & > Misilt loam » clay loam j% peat HIBAEF] » [t Bl Holmes (1961) 7 i %% — 2 o | FUFH
TR > AT RBEE (sand) T RETTHEHEE =M EES R > MHEE = 15
(silt loam, clay loam K peat) fi i H i B2 LB KRR EHZETR K o

h % W

R|AR TR Z HRKRLRZTE  HARRREP/DREZKABRGFEE o
RUREBUEZ RREME R » T H TR 88 S8 RAE 5 & BB P 78 < B R EL i 30 2% o T Et



154 KEEIE B+ —HAE AR

................. T
o —QUET - ~ - T
9"’[!
320 e,
3 1.0 A
E | ]
g ~ !
= a0 i E [ : ]
-
j § 2
- - < L 5 )
~ s | D
00, r \ ]
g L 3 v '\m v — -]
2
PR o=y Moy = 3, vE ]
— s g = YE s
o o T = ey By ot sy
0. 180, 360 840 20
s
b b VVVVVVV T T
= —ANET - =
Sue
L -
o {7
10 -
_ -
g V"é’r
- E b
E By
s S
——— v -
T SN
S p— e e el L Aryyare:
[ S T T R ST
. 0. 180 380, 640 720
C
18—
............
C - —OVET— — =~
"[,
azo0 -
Beg,
1.0 AN
_ A\
g .
5 .
5 T
s V6 e
“WF
S—rv—— gty pp L2y it B sl s gy
\
s 4
l-{.’
d
P R SR S SO S R i
P 0. 180 380 540 720
d L8 v e —
-~ -ouEi~ ~aver
b,
320, ’
Mo
¢
o !I\
: Y
- D(
- E o P
Vi wE
x ——— VP AN
—
e=—t S Y S
0 R S a

L " L
0. 180. 380, 840. 720,

Tirne Series (Hour)

TINE SERIES (HR}

B14 AELBZIOKRRBERE(T,)  FE E15 HEUMY BRTHELBIEKEE
B (To) R ER R (Te) B E o o Hrh QWET £k & 2R BHE 17 (
HEECHHRZESEBEYD (SXE Ground Wettness ) » WP £5 4 1 7Ll
fEY)) o HdBa, b, c, dZ -5 F > WFSHRB&KE > WWEEZE
£ sand, silt loam, clay loamm J peat SKEMWVEBEKE o

o

BHZHRE - TRMEUARZREYBEE c REMARRFEE - AR2REA1% > LG
BERWEmERMAGIBREN  SEEERAREY BT E R R IR &2 7 S E T o
AAMERRAFAME > DRAGREARREREIRE ) MERAGEHSKEH RS
FEIF RS AR ] BB AR 2 BO R Sl R o He R8sz (NRARR) S RERE LR - BEY
ARRZEHBEMRE - £EX > DRBHELSHE LR (WE)RR > FEH -/ NFLHASKE



N+ZFENA A SRR VE RN 155

A fE AR ik D> B ERLLT | MHE ROBEHENLERFB 12X | A% LS T EEY)
AIEREIBR | NBEURBFEEMAULERF 24K o EEBRLUE/KMEEZE Z - (silt loam. clay
loam ¢ peat) 78 # & = ZHAEHA E 30K » FHLUEKEEZZ L RBURFHEEMRIFE0KE b
o R K » FIRZIHRAIER o B EWHMAREHN T KUA A RFR » EoFIEEL +
MEERNEE > MAPXURBODEL RO LFEECHHE TR OHEESHK - £
BHEYEER > B THRRBEZ - I T RREREEEIRAIEN T 20°C » HERRBEZHE+
BMBEEZTHECRETERC > MBRWERAEZETGEICCLS - MPF R2RZBESBSER
T3EH 500 2 REB00 AR » i L IEBEZIRAIE L CO0OAR o (HREHME/RKEEBAERLU L
Rilfem o] B ~ AR B LR R R < L R B ET > A Bowen tLEH MR E—EE AL
o FIL AT HIERAREH < HHY) BB K MR E . TR SRR BFREZIER °

TERKGIFE LR EREK ~ BEEHER I » WREA ST REET R TN o Lty
ERE IR B TS 2 2R 71842 (Global Vegetaion Index) » 4X%% Holtan 20 2, B E Y £ B (%
BRAEY B AT A ZATEE I LLAE > SR 18y Ml » M ARKGEERTE » IR RRE T2

AETHIRFK R B RFEFHIE T2 RAEE » BEERE - YEHAR A TEETK 5ot
EETHRAEHM YR ARFHE - FTHIHRSTCWBS2 - 2M - 01 » REF &#hE) - THERSINSC
82-0414-P-005-036-B o B _(UBEDZBEZBOLIBE °

ZER -

ERAN > 1992 1 E- e ZMFASN S @SR F 2 BERE > X/A% > 205 35 217- 232
B > 1992 1 BHBEALR BB » KA H% - 2054, 387-404 o

Arakawa, A., Y. Mintz, A. Katayama, J - W. IXim, W. Schubert, T. Tckioka, M. Schlesinger, W.
Chao, D. Randall and S. Lord, 1974: The UCLA atmospheric general carculation model, Notes
Distributed at the Workshiop, 25 March - 4 April 1974, Department of Meteorology, University
of California, Los Angeles, California 90024.

Bear, J., 1972: Dynamics of flurds in porous media, Dover Publications: New York, 764 pp.

Bear, J. and A. Verruijt, 1987: Modeling groundwater flow and pollution, D. Reidel Publishing Com-
pany, 414pp.

Brutsaert, W. H., 1982: Evaporation wnto the atmospherc, D. Reidel Publish Comipany, 299 pp.

Businger, J. A. et. al., 1971: Flux - profile relationships in the atmospleric surface layer, .J. Atmos.
Sci. , 28, 181 - 189.

Charney, J., P. H. Stone and W. J. Quirk, 1975: Drought in the Sahara: a biogeophysical feedback
mechanism, Science, 1.

Clapp, R. G. and G. M. Hornberger, 1978: Ewmpirical equations for sowe soil hydraulic properties,
Water Resources Research, 14, 4, pp. 601 - 604.

Clarke, R. H.. D. G. Reid and A. J Troup. 1971: The Wangara experiment: boundary data. Tecl.
Pap. 19, Div Meteor. Phys.. CSIRO. Australia.



156 KAFE 2 B

Detering, H. W., and D. Etling, 1985: Application of the E - ¢ turbulence model to the atmospheric
boundary layer, Bound. - Layer Meteor. , 33, 113 - 133.

Dickinson, R. E., A. Henderson - Sellers, P. J. Kennedy, and M. F. Wilson, 1986: Biosphere - at-
mosphere transfer scheme (BATS) for the NCAR community climate model, NCAR Technical
Note, NCAR/TN - 275 + STR, National Center for Atmospheric Research, Boulder, Colorado,
69 pp.

ECMWF (European Centre for Medium Range Weather Forecasts), 1988: Research manual 3
ECMWEF forecast model, Meteorological Buletin.

Harshvardhon, R. Davies, D. A. Randall, and T. G. Corsetti, 1987: A fast radiation parameterization
for atmospheric circulation models, J. Geophys. Res. , 92, 1009 - 1016.

Hillel, D., 1982: Introduction to soil physics, 364 pp.

Holtan, H. N., G. J. Stiltner, W. H. Henson, and N. C. Lopez. 1975: USDAHL - 74 revised model
of watershed hydrology, U. S. Department of Agriculture, ARS Tech. Bulletin No. 1518
Washington, D. C.

Holmes, R. M., 1961: Estumation of soil moisture content using evaporation data, Canadian National
Research Council, Proceedings Hydrology Symposium No. 2, pp. 184 - 196.

Laval, I<., 1988: Land surface processes, M. E. Schlesinger(ed. ), Physically - Based Modelling and
Simulation of Climate and Climatic Change - Part I, 285 - 306.

Male, D. H. and R. J. Granger, 1981: Snow surface energy exchange, Water Resources Research,
17, 3. pp. 609 - 627.

McCumber, M. C., 1980: A numerical simulation of the influence of Leat and moisture fluxes upon
mesoscale circulations, Ph. D. Dissertation, University of Virginia, Charlottesvillc.

Mintz, Y., 1984: " The sensitivity of numerically simulated climates to land - surface boundary cou-
ditions, in The Global Change, ed. J. T. Houghton, Cambridge University Press, Cambridge,
79 - 105,

Pielke, R. A., 1984: Mesoscale metcorological modeling, 612 pp.

Sellers, P. J.. Y. Mintz, Y C. Sud and A. Dalcher, 1986: A sinple biosphere (SiB) model for use
within general circulation models. .J. Atmos. Seci. . 43, 505 - 531

Sellers, P. J., F. G. Hall, G. Asrar, D. E. Strebel and R. E. Murphy, 1988: The first ISLSCP field
experiment (FIFE), Bull Amer. Meteor. Soc. , 69, 278 - 295.

Stannard, D. L., 1993: Comparison of Penman - Monteith, Shuttleworth - Wallace, and modified
Priestley - Taylor evapotranspiration models for wildland vegetation in semiarid rangeland,
Water Resources Research, 29, 5, pp. 1, 379 - 1392,

Tsuang. B. J. and J. A. Dracup. 1990: Determining large scale land surface processes for climatic
models, EOS Transactions. American Geophysical Union, 71, 28. pp. 853.

Tsuang, B. J. and .J. A. Dracup, 1991: Evaporation rates {rom temperature - stratified saline lakes
using a one - dimensional integrated evaporation methodology - Mono lake as a case study,
California water resources center, U. of California Contribution 202, ISSN 0575 - 4941, 76 pp.
+fig.

Tsuang, B. J., 1992: Equation for determining land surface temperature, FOS Transactions, Amer-
ican Geophysical Union, Vol. 73. No. 43, pp. 109.

Viessman, W. Jr., J. W. Knapp, G. L. Lewis, and T. E. Harbaugh, 1989: Introduction to hydrology,
2nd ed.. 704 pp.




Volumeme 21, No. 2 Atmospheric Sciences 157

Land Surface Parameterization for Atmospheric Models

Ben-Jei Tsuang and Feng-Ju Wang
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ABSTRACT

The parameterization of the exchange of momentum, energy and water between the atmosphere
and the land surface is very crude in most of current atmospheric models. A need is being addressed
to improve these processes for numerical models. A scheme designed to improve these parameteri-
zations is presented in this paper. Methodologies to determine soil temperature,evapotranspiration
rate and the water content of the soil are developed. Three layer soil is used to determine soil
temperature . The thickness of the surface soil layer is of the value of 0.885) to ensure that the
diurnal temperature fluctuation can be simulated. The evapotranspiration rate is determined by the
equation of Holtan et al.(1975). The equation,developed for the US Agricultural Research Service,
incorporates the effects of the growth of vegetation, the ratio between vegetation evapotranspiration
and pan evaporation, and the soil moisture availability. Moisture content in the soil is determined
by the Darcy’s law as well as the capillary effect.

In addition, sensitivity analysis of various combinations of land covers (vegetation, water, etc.)
and soil types on the atmosphere is conducted. It is found that air temperature and the distribution
of energies change significantly while the soil become dry. In July, it takes sew ours for saturated
bare sand to reach its wilting point during rainless days,12 days for saturated sand covered with
vegetation,and more than 30 days for less permissible soil(such as clay) covered with vegetation. In

addition, mixing layer height and the Bowen ratio are also changed with soils and land covers.

Key Words: biosphere-atmosphere interaction, evapotranspiration, soil temperature, soil



